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ZKHUH )D LV WKH 00) RI DUPDWXUH FXUUHQW ȁ LV WKH UDGLDO
DLUJDSSHUPHDQFHJ LV WKHDLUJDSOHQJWKȝ LV WKHYDFXXP
SHUPHDELOLW\ ȁV LV WKH UDGLDO DLUJDS SHUPHDQFH RI VWDWRU
VORWWHG DQG VPRRWK URWRU PRGHO ȁU LV WKH UDGLDO DLUJDS
SHUPHDQFHRIURWRUVORWWHGDQGVPRRWKVWDWRUPRGHO
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KDUPRQLFFRQWHQWDVWKHRULJLQDO00)ZLWKRXWVWDWRUVORWWLQJ
HIIHFWDOEHLWZLWKPRGLILHGKDUPRQLFPDJQLWXGHVGXHWRWKH
LQWURGXFWLRQRIVWDWRUSHUPHDQFHȁV%\XVLQJDQGWKH
VWDWRU DQG URWRUSHUPHDQFHV DUH VHSDUDWHG DQG WKH HIIHFW RI
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
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IXQFWLRQRISKDVH$$QDQGȍQDUHWKHPDJQLWXGHDQGURWDWLQJ
VSHHGRI WKHQWKFRPSRQHQWRIDUPDWXUHPRGXODWHG00)
UHVSHFWLYHO\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FRPSRQHQWVRIURWRUSHUPHDQFHȍULVWKHPHFKDQLFDOURWDWLQJ
VSHHGRIURWRUȖLVWKHLQLWLDOURWRUSRVLWLRQ
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ERWKPRGXODWHG00)VDQGZLQGLQJIXQFWLRQVDUHGHFUHDVLQJ
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)URP  LW FDQ EH VHHQ WKDW WKH SRZHU IDFWRU RI
9)50V DUH LQIOXHQFHG E\ WKUHH LQGHSHQGHQW IDFWRUV LH
URWRUSHUPHDQFHUDWLRȁUDWLR VWDWRUURWRUSROHUDWLR3UDWLRDQG
'&$& ZLQGLQJ DPSHUH WXUQV UDWLR 1,UDWLR 7KLV FRQFOXVLRQ
ZLOOEHYHULILHGE\)($UHVXOWVDIWHUZDUGVLQ6HFWLRQ,,,
 )($9HULILFDWLRQ
,QWKLVVHFWLRQWKHUHYHDOHGIHDWXUHVRISRZHUIDFWRULQ
6HFWLRQ,,ZLOOEHYHULILHGE\WKH)($UHVXOWVRIDVU9)50
DQG D VU 9)50 7KHLU FRQILJXUDWLRQV DQG PDLQ
VSHFLILFDWLRQVDUHVKRZQLQ)LJDQG7DEOHUHVSHFWLYHO\
7KH)($UHVXOWVSUHVHQWHGLQWKLVSDSHUDUHREWDLQHGZLWKWKH
$16<60D[ZHOOVRIWZDUHDQG'DQDO\VLV

7DEOH0DLQVSHFLILFDWLRQVRIVUDQGVU9)50V
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5RWRURXWHUGLDPHWHU PP 
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$FFRUGLQJ WR  WKH ODUJHU WKHȁUDWLR LV WKHKLJKHU
WKHSRZHU IDFWRU ZLOO EH7KHPDJQLWXGHV RI WKHGF DQGVW
URWRUSHUPHDQFHFRPSRQHQWVDUHPDLQO\GHWHUPLQHGE\WZR
GHVLJQSDUDPHWHUVLHWKHURWRUSROHDUFUDWLRȕUURWRUSROH
DUFGLYLGHGE\URWRUWRRWKSLWFKDQGDLUJDSOHQJWKJ>@
)LUVWO\ WKH DLUJDS OHQJWK LV IL[HG WR PP 7KH
YDULDWLRQVRIURWRUSHUPHDQFHZLWKURWRUSROHDUFDUHREWDLQHG
E\WKHPHWKRGSURSRVHGLQ>@DVVKRZQLQ)LJ,WFDQEH
IRXQGWKDWȁUȁU LVFRQWLQXRXVO\GHFUHDVLQJZLWKWKHURWRU
SROHDUFUDWLRZKLFKPHDQVWKHSRZHUIDFWRURI9)50VZLOO
DOVR GHFUHDVH ZLWK WKH URWRU SROH DUF 7R YHULI\ WKLV WKH
YDULDWLRQV RI WKH IOX[ OLQNDJHV DQG SRZHU IDFWRU ZLWK URWRU
SROHDUFUDWLRDUHSUHVHQWHGLQ)LJVEDQGF7RFOHDUO\
FRPSDUH WKH YDULDWLRQ WUHQGV WKH SHUXQLW YDOXHV RI IOX[
OLQNDJHDQGURWRUSHUPHDQFHDUHSUHVHQWHGLQ)LJEZLWK
WKHLUYDOXHVZKHQURWRUSROHDUFUDWLRLVDUHFKRVHQDVWKH
EDVHOLQHV $V H[SHFWHG WKH SKDVH IOX[ OLQNDJHV GXH WR
DUPDWXUHDQGILHOGFXUUHQWVDORQHDUHSURSRUWLRQDO WRWKHGF
DQGVWURWRUSHUPHDQFHFRPSRQHQWVUHVSHFWLYHO\0RUHRYHU
WKHODUJHUWKHURWRUSROHDUFUDWLRLVWKHORZHUWKHSRZHUIDFWRU
RI9)50VZLOOEH
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DVKRZVWKH
YDULDWLRQV RI URWRU SHUPHDQFH ZLWK DLUJDS OHQJWK )LJ E
VKRZV WKHYDULDWLRQVRISHUXQLWYDOXHVRIȁUDQGȁU IOX[
OLQNDJHZLWKWKHLUYDOXHVZKHQDLUJDSOHQJWKLVPPDUH
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E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7DEOH  VKRZV WKH IHDVLEOH VWDWRUURWRU SROH
FRPELQDWLRQV RI DQG VWDWRU VORWV 9)50V DQG WKHLU
FRUUHVSRQGLQJ SROH UDWLRV $V FDQ EH VHHQ WKH VWDWRUURWRU
SROH UDWLR VKRZV D GHFUHDVLQJ WUHQG ZLWK WKH URWRU SROH
QXPEHU+HQFHWKHSRZHUIDFWRULVDOVRH[SHFWHGWRGHFUHDVH
ZLWKWKHURWRUSROHQXPEHU7RYHULI\WKLVWKHVDQGV
9)50VKDYLQJ«URWRUSROHQXPEHUVDUHGHVLJQHG
ZLWKWKHFRQVWUDLQWVOLVWHGLQ7DEOHWRDFKLHYHSHDNDYHUDJH
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WRUTXH 0HDQZKLOH WKH URWRU SROH UDWLR DLUJDS OHQJWK DQG
'&$&DPSHUH WXUQV UDWLRDUH IL[HG WRPPDQG
UHVSHFWLYHO\WRDYRLGPXWXDOLQIOXHQFHIURPURWRUSHUPHDQFH
DQG '&$& DPSHUH WXUQV UDWLRV 7KH YDULDWLRQV RI SRZHU
IDFWRU DQG VWDWRUURWRU SROH UDWLR ZLWK URWRU SROH QXPEHU
PDWFKWKHH[SHFWDWLRQVDVVKRZQLQ)LJ
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)LJ'LVWULEXWLRQVRIURWRUSHUPHDQFHRYHURQHURWRU
SROHDQGYDULDWLRQVRIȁUDQGȁUIOX[OLQNDJHDQGSRZHU
IDFWRUXQGHUGLIIHUHQWDLUJDSOHQJWKȕU 
3FXD 3FXI :
D5RWRUSHUPHDQFHGLVWULEXWLRQV
E9DULDWLRQVRIȁUȁUDQGIOX[OLQNDJH
F3RZHUIDFWRUDQGURWRUSHUPHDQFHUDWLRȁUȁU

)LJ9DULDWLRQVRISRZHUIDFWRUDQGVWDWRUURWRUSROHUDWLR
ZLWK URWRU SROH QXPEHU IRU V DQG V9)50V
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D&RQFHQWUDWHGZLQGLQJ
E'LVWULEXWHGZLQGLQJ,FRLOSLWFK 
F'LVWULEXWHGZLQGLQJ,,FRLOSLWFK 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D
E
)LJ &RPSDULVRQRISRZHU IDFWRUVDQGRXWSXW WRUTXHRI
VU DQG VU 9)50V ZLWK FRQFHQWUDWHG DQG GLVWULEXWHG
ZLQGLQJV3FXD 3FXI :
D3RZHUIDFWRU
E2XWSXWWRUTXH

,W LV ZRUWK QRWLFLQJ WKDW WKH FRQFOXVLRQ PHQWLRQHG
DERYHDSSOLHVWRDOOWKH9)50VZLWKFRQFHQWUDWHGDUPDWXUH
ZLQGLQJ,QIDFWWKHGLVWULEXWHGZLQGLQJLVDOVRDSSOLFDEOHWR
VRPH VSHFLILF 9)50V HJ VU DQG VU 9)50V 7KH
FRQILJXUDWLRQVRIFRQFHQWUDWHGDQGGLVWULEXWHGZLQGLQJVDUH
VKRZQ LQ )LJ  7KHVH WZR ZLQGLQJ W\SHV KDYH LGHQWLFDO
KDUPRQLF FRQWHQW DOEHLW ZLWK GLIIHUHQW ZLQGLQJ IDFWRUV DV
VKRZQLQ7DEOH7KHSLWFKIDFWRURIFRQFHQWUDWHGZLQGLQJLV
VPDOOHU WKDQWKDWRIGLVWULEXWHGZLQGLQJ$FFRUGLQJWR
WKH VWDWRUURWRU SROH UDWLRV RI 9)50V ZLWK FRQFHQWUDWHG
ZLQGLQJ DUH WKHUHIRUH ODUJHU WKDQ WKRVH ZLWK GLVWULEXWHG
ZLQGLQJ VR LV WKH SRZHU IDFWRU DV FRQILUPHG LQ )LJ D
+RZHYHU WKH KLJKHU SRZHU IDFWRU RI FRQFHQWUDWHG ZLQGLQJ
GRHVQRWQHFHVVDULO\OHDGWRDKLJKHURXWSXWSRZHU'XHWRWKH
KLJKHUZLQGLQJIDFWRUWKHPDFKLQHVZLWKGLVWULEXWHGZLQGLQJ
KDV VLJQLILFDQWO\ ODUJHU WRUTXHFRSSHU ORVV UDWLR WKDQ WKRVH
ZLWKFRQFHQWUDWHGZLQGLQJDVFRQILUPHGE\WKH)($UHVXOWV
LQ )LJ E 2YHUDOO WKH FRQFHQWUDWHG ZLQGLQJ LV DEOH WR
LPSURYHWKHSRZHUIDFWRUDQGWKHXVDJHRILQYHUWHUFDSDFLW\
ZKHUHDVWKHGLVWULEXWHGZLQGLQJVDUHPXFKEHWWHULQWHUPVRI
WRUTXHFRSSHUORVVUDWLR
 '&$&:LQGLQJ$PSHUH7XUQV5DWLR
7KH'&$&ZLQGLQJDPSHUHWXUQVUDWLRLVGHILQHGE\
I I
UDWLR
D D
1 ,1, 1 , 
 
$VVXPLQJ WKH VORW DUHDV RFFXSLHG E\ ILHOG DQG
DUPDWXUHZLQGLQJDUHHTXDO WKH'&$&DPSHUH WXUQV UDWLR
FDQDOVREHH[SUHVVHGE\DUDWLRRIFRSSHUORVVLH
FXI
UDWLR
FXD
31, 3 
 
ZKHUH3FXIDQG3FXDDUHWKHFRSSHUORVVHVRIILHOGDQGDUPDWXUH
ZLQGLQJVUHVSHFWLYHO\
$KLJKHU'&$&ZLQGLQJDPSHUHWXUQVUDWLRZLOOOHDG
WRDVPDOOHUIOX[UDWLRDQGKLJKHUSRZHUIDFWRU+RZHYHULWLV
DOVRSURYHGLQ>@WKDWWKHKLJKHVWWRUTXHFRSSHUORVVUDWLRRI
9)50LVREWDLQHGRQO\ZKHQ3FXI3FXD +HQFHDOWKRXJK
WKHSRZHUIDFWRUFDQEHHQKDQFHGE\LQFUHDVLQJWKH'&$&
DPSHUH WXUQV UDWLRDVDFULILFHLQ WRUTXHFRSSHU ORVV UDWLR LV
LQHYLWDEOHDVFRQILUPHGE\WKH)($UHVXOWVLQ)LJ
)LJ   9DULDWLRQV RI SRZHU IDFWRU DQG DYHUDJH WRUTXH
DJDLQVW '&$& ZLQGLQJ DPSHUH WXUQV UDWLR IRU VU DQG
VU9)50V3FX :
 1DWXUHRI/RZ3RZHU)DFWRU,VVXH,Q9)50V
,QIRUHJRLQJLQYHVWLJDWLRQLWLVSURYHGWKDWWKHSRZHU
IDFWRURI9)50VFDQEHHQKDQFHGE\XVLQJVPDOOHUURWRUSROH
DUFUDWLRDLUJDSOHQJWKDQGURWRUSROHQXPEHUGXULQJGHVLJQ
+RZHYHUWKHSRZHUIDFWRULVVWLOOORZHUWKDQE\DGMXVWLQJ
WKHVHWKUHHSDUDPHWHUVDVFDQEHVHHQIURP)LJVDQG
7KLV LV PDLQO\ GXH WR WKH IDFW WKDW WKH UDQJHV RI WKH URWRU
SHUPHDQFHUDWLRDQGVWDWRUURWRUSROHUDWLRDUHTXLWHOLPLWHG
XVXDOO\ ZLWKLQ a DQG a UHVSHFWLYHO\ DV
FRQILUPHGLQ)LJVFFDQG,QFRQWUDVW WKH'&$&
DPSHUHWXUQVUDWLRLVDGMXVWDEOHIURPWR7KHUHIRUHWKH
PRVWHIIHFWLYHZD\ IRUSRZHU IDFWRU UHJXODWLRQ LV DGMXVWLQJ
WKH '&$& DPSHUH WXUQV UDWLR DOEHLW ZLWK GHJUDGHG
WRUTXHFRSSHU ORVV UDWLR ZKHQ 1,UDWLR LV QRW  2YHUDOO WKH
SRZHUIDFWRURI9)50VLVUHODWLYHO\ORZ
7KHQDWXUHRI WKH ORZSRZHU IDFWRU LVVXH OLHV LQ WKH
ZHDN FRXSOLQJ EHWZHHQ ILHOG DQG DUPDWXUH ZLQGLQJV IRU
9)50V $V FDQ EH VHHQ LQ  ĭ$I LV JHQHUDWHG E\ WKH
PRGXODWLRQHIIHFWRIWKHVWURWRUSHUPHDQFHFRPSRQHQW$VD
UHVXOW WKHUH LV DQ DGGLWLRQDO FRQVWDQW FRHIILFLHQW  LQ WKH
H[SUHVVLRQZKLFKGRHVQRWH[LVWLQWKHH[SUHVVLRQRIĭ$D
  )URP )LJV  DQG LW FDQ EH VHHQ WKDW WKHȁUDWLR LV
VPDOOHUWKDQXVXDOO\ZLWKLQa&RQVHTXHQWO\DVFDQ
VHHQIURPĭ$ILVXVXDOO\VPDOOHUWKDQĭ$DIRU9)50V
XQOHVVWKHHOHFWULFDOORDGRIILHOGZLQGLQJLVPXFKODUJHUWKDQ
WKDW RI DUPDWXUH ZLQGLQJ ,Q FRQWUDVW LQ D UHJXODU URWRU
ZRXQGILHOG V\QFKURQRXV PDFKLQH 5:)60 ĭ$I LV
QRUPDOO\ ODUJHU WKDQ ĭ$D >@ +HQFH WKH IOX[ UDWLR RI
9)50V LV ODUJHU WKDQ WKDW RI 5:)60V ZKLFK HYHQWXDOO\
UHVXOWVLQWKHORZSRZHUIDFWRULVVXHRI9)50V0RUHRYHU
WKLVFRQFOXVLRQLVDOZD\VYDOLGUHJDUGOHVVRIFRQWUROVFKHPH
RSHQZLQGLQJ FRQWURO VFKHPH >@ IRU H[DPSOH ZLQGLQJ
FRQILJXUDWLRQ FRQFHQWUDWHG DQG GLVWULEXWHG ZLQGLQJV DQG
VDWXUDWLRQHIIHFWVLQFHWKHURWRUPRGXODWLRQHIIHFWLVWKHEDVLF
RSHUDWLRQSULQFLSOHRI9)50V>@
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VU9)50SRZHUIDFWRU
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
 'HVLJQRI9)50FRQVLGHULQJSRZHUIDFWRU
,Q WKHIRUHJRLQJ LQYHVWLJDWLRQ WKH LQIOXHQFHRI WKUHH
LQGHSHQGHQW IDFWRUVRQSRZHUIDFWRU LV LQYHVWLJDWHGZLWKRXW
VHWWLQJ DQ\ UHVWULFWLRQV RQ WKH YDULDWLRQ UDQJHV RI GHVLJQ
SDUDPHWHUV7KHSXUSRVHLVWRUHYHDOWKHJHQHUDOUHODWLRQVKLS
EHWZHHQ WKH SRZHU IDFWRU DQG WKH GHVLJQ SDUDPHWHUV
+RZHYHU IRU D SUDFWLFDO PDFKLQH GHVLJQ QRW RQO\ SRZHU
IDFWRUEXWDOVRRXWSXWWRUTXHHIILFLHQF\HOHFWULFORDGFXUUHQW
GHQVLW\DQGLQYHUWHUYROWDJHFXUUHQWIUHTXHQF\OLPLWQHHGWR
EH WDNHQ LQWR DFFRXQW +HQFH WKH YDULDWLRQ UDQJHV RI WKH
GHVLJQSDUDPHWHUVZLOOEHFRQVWUDLQHG)RUH[DPSOHWKHURWRU
SROHDUFUDWLRVKRXOGYDU\ZLWKLQaWRHQVXUHDKLJK
WRUTXHGHQVLW\ >@7KHDLUJDS OHQJWK LVGHWHUPLQHGE\WKH
PHFKDQLFDOFRQVWUDLQW7KHURWRUSROHQXPEHULVFRQVWUDLQHG
E\WKHDOORZHGLQYHUWHUIUHTXHQF\DQGSHDNRSHUDWLRQVSHHG
7KH$&DQG'&FXUUHQWVDUHFRQVWUDLQHGE\WKHDOORZDQFHRI
HOHFWULF ORDG ,Q DGGLWLRQ WKH PD[LPDO WRUTXHFRSSHU ORVV
UDWLRLVDFKLHYHGZKHQ1,UDWLR >@
&RQVLGHULQJDOOWKHVHFRQVWUDLQWVWKHPRVWIUHTXHQWO\
XVHG GHVLJQ VWUDWHJ\ RI 9)50V LV EDVHG RQ WKH JOREDO
RSWLPL]DWLRQ PHWKRG RI VWUXFWXUHSDUDPHWHUV ZLWK1,UDWLR 
0D[LPL]LQJRXWSXWWRUTXHDQGHIILFLHQF\DUHXVXDOO\FKRVHQ
DV WKHREMHFWLYHVRI WKHGHVLJQ >@>@>@ +RZHYHU IRU D
GHVLJQZLWKDJLYHQLQYHUWHUFDSDFLW\DQGWKHUPDOFRQVWUDLQW
DIL[HG1,UDWLRPD\OHDGWRDORZSRZHUIDFWRUDQGORZXVDJH
RI LQYHUWHU FDSDFLW\ 7R IXUWKHU WDNH WKH SRZHU IDFWRU LQWR
DFFRXQW GXULQJ GHVLJQ DQ DGMXVWDEOH 1,UDWLR FDQ EH DSSOLHG
GXULQJGHVLJQDVZLOOEHSUHVHQWHGLQWKLVVHFWLRQ
7KH GHVLJQ FRQVWUDLQWV DQG YDULDEOHV DUH VKRZQ LQ
7DEOH  ,W VKRXOG EH QRWHG WKDW WKH LQWURGXFHG PHWKRG LV
DSSOLFDEOHWR9)50GHVLJQVXQGHUGLIIHUHQWSRZHUVFDOHGXH
WRWKHFRPPRQIHDWXUHVLQSRZHUIDFWRU,QWKLVSDSHUDN:
PDFKLQHLVVHOHFWHGDVDQH[DPSOH$FFRUGLQJWRWKHLQYHUWHU
IUHTXHQF\DOORZDQFHDQGSHDNVSHHGWKHURWRUSROHQXPEHU
FDQEHFKRVHQXSWR6LQFHWKHVU9)50KDVXQEDODQFH
PDJQHWLF IRUFH>@VU LVFKRVHQDV WKHVWDWRUURWRUSROH
FRPELQDWLRQ IRU WKLV GHVLJQ %\ XVLQJ JOREDO RSWLPL]DWLRQ
PHWKRGDQGJHQHWLFDOJRULWKPLQ$16<60D[ZHOOWZRVU
9)50VDUHGHVLJQHGWRDFKLHYHWKHPD[LPDORXWSXWSRZHU
HIILFLHQF\DQGSRZHUIDFWRUZLWKDQGZLWKRXW1,UDWLRIL[HGWR
7RUHGXFHWKHFRSSHUORVVDQGERRVWWKHRSHUDWLRQVSHHGUDQJH
WKHRSHQZLQGLQJFRQWUROVFKHPHLVDSSOLHG>@6LQFHWKH
RSHUDWLRQ WHPSHUDWXUH LV KDUG WR REWDLQ WKH SHDN FXUUHQW
GHQVLW\DQGHOHFWULFORDGFRQVWUDLQWVDUHDSSOLHGLQVWHDG)LJ
 VKRZV WKH FURVVVHFWLRQV RI WKH JOREDOO\ RSWLPL]HG
PDFKLQHVZLWKWKHLUVSHFLILFDWLRQVFRPSDUHGLQ7DEOH7KH
PDFKLQHZLWK1,UDWLR9)50,,KDVVPDOOHUVSOLWUDWLRDQG
ODUJHUHOHFWULFORDGWKDQWKDWZLWK1,UDWLR 9)50,

D E
)LJ &URVVVHFWLRQVRIRSWLPL]HGVU9)50VZLWKDQG
ZLWKRXW1,UDWLRIL[HGWR
D1,UDWLR 9)50,
E1,UDWLR 9)50,,
7DEOH'HVLJQFRQVWUDLQWVDQGYDULDEOHVRIVU9)50V
&RQVWUDLQWV 8QLW 9DOXH
,QYHUWHURXWSXWYROWDJHOLPLWDWLRQ 9 
,QYHUWHURXWSXWFXUUHQWOLPLWDWLRQ $ 
,QYHUWHURXWSXWIUHTXHQF\OLPLWDWLRQ +] 
6WDWRURXWHUGLDPHWHU PP 
6WDFNOHQJWK PP 
$LUJDSOHQJWK PP 
+LJKHVWVSHHGRIFRQVWDQWWRUTXHRSHUDWLRQ USP 
+LJKHVWVSHHG USP 
3HDNVORWFXUUHQWGHQVLW\OLPLWDWLRQ $PP 
3HDNHOHFWULFORDGOLPLWDWLRQ N$P 
2SWLPL]DWLRQYDULDEOHV 8QLW 5DQJH
6SOLWUDWLR  a
6WDWRUSROHDUFUDWLR  a
5RWRUSROHDUFUDWLR  a
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